We study the properties of the optimal nominal interest rate policy under different levels of price indexation. In our model indexation regulates the sources of in ‡ation persistence. When indexation is zero, the in ‡ation gap is purely forwardlooking and in ‡ation persistence depends only on the level of trend in ‡ation, while full indexation makes the in ‡ation gap persistent and it eliminates the e¤ects of trend in ‡ation.
Since the Furher and Moore (1995) seminal contribution, persistence has long been recognized as one of the main properties of the in ‡ation process. Recently a stimulating debate in the literature focused on the sources of in ‡ation persistence and its changes over time.
In ‡ation persistence was initially assumed to be an "intrinsic" phenomenon of the in‡ation process. The modelling strategy was therefore to introduce an endogenous lagged term in the New Keynesian Phillips Curve (NKPC henceforth) to match the in ‡ation persistence found in the data (see e.g., Galí and Gertler, 1999 , Mankiw, 2001 , Rudd and Whelan, 2007 . Following this strategy, Christiano et al. (2005) (CEE henceforth) introduced backward-looking price and wage indexation in the Calvo pricing setup. This modelling device is now commonly used in standard workhorse DSGE New Keynesian models of the business cycle (e.g., Schmitt-Grohé and Uribe, 2006 , 2007b , Smets and Wouters, 2003 , and Altig et al., 2004 .
More recently, however, some papers show that to understand in ‡ation persistence is useful to distinguish between trend in ‡ation, i.e., a low frequency component of the in ‡ation process, and the in ‡ation-gap, i.e., the di¤erence between actual in ‡ation and trend in ‡ation. It is then natural to think of trend in ‡ation as the Federal Reserve's long-run target for in ‡ation. Cogley and Sbordone (2008) show that an NKPC with no intrinsic in ‡ation persistence, but that allows for shifts in trend in ‡ation, successfully describes US in ‡ation dynamics. Hence, if (exogenous) shifts in the level of trend in ‡a-tion are taken into account, the in ‡ation gap has no persistence and there is no need to assume backward-looking indexation. 1 Cogley et al. (2010) show that the persistence in the in ‡ation-gap increased during the Great In ‡ation and declined after the Volcker disin ‡ation. The main reason behind this shift in in ‡ation volatility and persistence is the stability of the Fed's long-run in ‡ation target. 2 The …ndings in Benati (2008) are similar in spirit. Using data from the US, UK, Euro Area, Switzerland, Canada, New Zeland and Japan, Benati (2008) shows that in ‡ation persistence has not been constant across policy regimes, providing empirical evidence about the relationship between in ‡a-1 See also Benati (2009) for similar results using international data, and Barnes et al. (2009) for a critique of their results.
2 Ireland (2007) is the …rst attempt to endogenize the in ‡ation target of the Central Bank.
tion persistence and trend in ‡ation. When these countries adopted an explicit in ‡ation target, reducing the average level of in ‡ation, the in ‡ation gap showed no persistence.
This suggests that in ‡ation persistence is not an "intrinsic" feature of the in ‡ation process, but it depends on the particular monetary policy regime. Thus the empirical evidence suggests that the main driving force behind in ‡ation persistence could be either the in ‡ation-gap or trend in ‡ation, depending on the historical periods and on the monetary policy regimes. 3 It matters for monetary policy whether the source of in ‡ation persistence is intrinsic or comes from trend in ‡ation. For example, optimal monetary policy di¤ers whether in ‡ation persistence is intrinsic (see Steinsson, 2003) or derives from changes to trend in ‡ation (see Ascari and Ropele, 2007) .
Our aim is to investigate how optimal monetary policy, in the form of optimal simple rules, varies with changes in the source of in ‡ation persistence. From a theoretically perspective, there is an easy way to distinguish these two cases in a standard mediumscale New Keynesian DSGE model. In our model there are two sources of in ‡ation persistence: the level of trend in ‡ation and the persistence in the in ‡ation gap. We observe that the degree of backward-looking indexation is the key parameter regulating the strength of these two sources. When indexation to past in ‡ation is full, then in ‡ation persistence is all due to the in ‡ation-gap, and there is no e¤ect of trend in ‡ation on the dynamics of the model (see Ascari, 2004) . When past in ‡ation indexation is zero, instead, the in ‡ation-gap is a forward-loooking variable, while trend in ‡ation a¤ects the dynamics of the model inducing inertia in the adjustment (see Amano et al., 2007 and Yun, 2005) . Trend in ‡ation increases the dispersion of prices across di¤erent sectors, raising the persistence of the in ‡ation process. The intuition starts from the observation that price-resetting …rms take into account that many …rms are not keeping up with the pace of in ‡ation. The optimal reset price will therefore increase less. Thus the price level takes longer to adjust to its long run value and in ‡ation becomes more persistent.
Technically, the in ‡ation process is a¤ected by price dispersion which is a backward- 3 In the last section of their work, Cogley et al. (2010) provides a very helpful discussion of their results in relation to the previous literature on in ‡ation persistence. So we refer the reader to it for a more comprehensive discussion of the literature. In particular, see Cogley and Sargent (2005) , Cogley et al. (2006) , Primiceri (2006) and Stock and Watson (2007) .
looking variable, and thus induces persistence in in ‡ation. 4 This inertial adjustment mechanism is corrected with full indexation. In this case, the e¤ects of price dispersion on the dynamics of the model is only of second-order (see Uribe, 2004a, 2006) . Hence, the degree of backward-looking indexation parametrizes how much the persistence of in ‡ation is due to an "intrinsic" in ‡ation-gap component, and how much is induced by trend in ‡ation, through price dispersion. So to ask how the source of in ‡ation persistence a¤ects the optimal policy rule, we will investigate how the degree of indexation a¤ects the optimal policy rule and welfare.
We need to make several modelling choices to answer our research question. First, we use an "operational" medium-scale model, more precisely the model in Schmitt-Grohé and Uribe (2004a) (SGU henceforth) or CEE. This model has been largely used for its empirical success in replicating the behavior of the US and Euro area business cycles.
Second, we con…ne our analysis to optimal, "simple and implementable" monetary policy rules, following closely SGU.
Third, methodologically, we decide for a painstaking grid-search algorithm for the results in the main Section of the paper. As in SGU, we consider nine di¤erent cases, combining on the one hand backward-looking, current-looking and forward-looking Taylor rules and, on the other hand, no inertia, inertial and superinertial Taylor rules. This allows us to focus on the implications of the degree of backward-looking indexation for both the shape and the coe¢ cients of the optimal simple rule from the point of view of the stochastic steady state. The grid search method allows us to …nd the global maximum in our parameter grid, but it is computationally very costly. We therefore switch to a numerical maximization algorithm, as in Schmitt-Grohé and Uribe (2006, 2007a,b) , in the robustness section of the paper, i.e., Section 6. Therefore, this section will also indirectly provide a robustness check of our results over the employed methodology.
Fourth, we just focus on the degree of indexation of prices, and not of wages. The main reason is that, given our research strategy, the curse of dimensionality is very high, so we could not perform both the analysis. 5 Moreover assuming full wage indexation seems more compelling from both an empirical and theoretical point of view, 6 and also 4 Section 3 describes the details of this transmission. 5 For the main Section of the paper, we performed 677448 simulations, each of one take 90 seconds (on a standard Pentium IV (R) 3GHz), reaching a total of 16936.2 computer hours (almost 2 years). 6 For example, Levin et al. (2006) estimates the average price indexation between 0.11 and 0.19 from anecdotal evidence.
Recall that the empirical literature shows that trend in ‡ation and in ‡ation persistence are related across regimes. This paper highlights the role of price dispersion as the prominent mechanism through which trend in ‡ation a¤ects in ‡ation persistence, and hence the optimal interest rate rule, in a medium-scale DSGE model. Our main results con…rm that the shape of the optimal policy is mainly driven by the degree of price dispersion in the economy. For a given level of trend in ‡ation, the lower the degree of indexation, the higher is price dispersion, and the associated costs for the economy.
The optimal response of the policy is to stabilize in ‡ation in order to contain price dispersion. Indeed, we show that the variance of price dispersion decreases, while the one of in ‡ation increases with indexation. Moreover, a general prescription for monetary policy is that the lower is the degree of indexation, the larger should be the response of the monetary policy to in ‡ation gap. This con…rms the SGU result that in ‡ation volatility under the optimal rule is signi…cant if there is full indexation, while near zero if there is no indexation. Moreover, as in SGU, we …nd that none of the several optimal policies in the various cases features a substantial reaction to output. 7
Moreover, we …nd that the more trend in ‡ation a¤ects in ‡ation persistence, the more inertial is the optimal policy. A robust …nding is that the optimal rule is no inertial for high levels of indexation, while it is inertial or superinertial for low levels of indexation. The lower is indexation, therefore, the more important is the ability to exploit the expectational channel of monetary policy in order to stabilize in ‡ation and price dispersion. In general, by changing the source of in ‡ation persistence, the degree of price indexation changes the trade-o¤s monetary policy is facing in a non-obvious way.
Another important, and not much debated, issue regards the …rst order e¤ects of changing the degree of indexation. 8 Our results show that the di¤erence in conditional while the average wage indexation between 0.77 and 0.86 (see also Wouters, 2003, 2007) .
Furthermore Ascari and Branzoli (2010) shows that full wage indexation maximizes the steady state welfare for every level of price indexation. 7 With the exception of the rules maximizing unconditional welfare, see Section 6. 8 First order e¤ects derive from a change in the steady state of the model, while second order e¤ects derive from changes that do not in ‡uence the steady state (but only the dynamics around the steady state). In this sense, a change of the degree of indexation causes …rst-order e¤ects because it a¤ects the steady state, while a change in the policy rule parameters cause only second-order e¤ects because it welfare across the various cases is mainly driven by the …rst order steady state e¤ects, suggesting that the literature often ends focusing on second-order analysis (as the shape of optimal policy in an approximated model), overlooking important …rst-order aspects (as the calibration of the degree of indexation) that strongly in ‡uence the shape of the optimal policy and have important welfare e¤ects.
Furthermore, one of the main message of this paper is that full indexation is a very special assumption. Full indexation nulli…es the e¤ects of trend in ‡ation, and limits to second-order the e¤ects of price dispersion, which is one of the key variables in the Calvo type price staggering models. When prices that are not repotimized are fully anchored to in ‡ation, price dispersion become irrelevant not only from a long-run perspective (as it is obvious), but also in the dynamics of the model. Full indexation is a very special case, almost like a discontinuity point, because it cancels one of the main mechanism of the model. Our analysis is close to Sbordone (2007) , who studies optimal policies under di¤erent models of in ‡ation persistence and distinguishing two cases. In the …rst case, in ‡ation persistence is embedded in trend in ‡ation, modeled as a random walk with drift. In the second case persistence is hardwired in the in ‡ation gap. She …nds that the optimal policy is sensitive to the model assumed. We extend and complement her …ndings in two directions. First, we consider simple monetary policy rules rather than the fully optimal ones. Thus our analysis can be interpreted as a discussion on the robustness of her study to the class of policy rules available to the Central Bank. We con…rm that the shape of the optimal policy is sensitive to how persistence is induced into the model. This becomes very clear in our analysis, because the degree of indexation is the key parameter that governs the dynamics of the model. Therefore, we share with does not a¤ect the steady state of the model. Sbordone (2007) the conclusion that one needs to think deeply about how persistence is hardwired into the model before drawing policy conclusions. Second, in addition to Sbordone (2007) , we use a medium-scale model of the business cycle rather than one of only output and in ‡ation, to take the normative analysis to the data.
The rest of the paper is organized as follows. Section 2 brie ‡y sketches the main properties of the model, that is formally described in the Appendix. Section 3 analyzes the role of price indexation in the dynamics of the model, highlighting how it in ‡uences the e¤ect of trend in ‡ation and in ‡ation persistence. Section 4 and 5 present the main results of the paper and discusses the similarities between the optimal model-based policy and the empirical estimates from the literature. Section 6 checks the robustness of the main results to di¤erent degrees of price stickiness, type of indexation and measure of welfare. The last Section concludes.
Model Description
The basic setup is a medium-scale macroeconomic model, obtained by augmenting the standard New Keynesian model with nominal and real frictions. Theses are crucial elements in replicating the dynamics of US business cycle. Since the model is exactly the one described in many papers (e.g., SGU and CEE), we will brie ‡y introduce here the key elements, leaving to the Appendix all the details about the model and calibration. As in SGU, we consider only monetary policy rules that are simple and implementable. Simple because they are a function of a few readily observable macroeconomic variables. Implementable because they must deliver an unique rational expectation equilibrium and induce an equilibrium that satisfy a constraint on the lower bound on the nominal interest rates. 9 We thus consider monetary policy rules of the following class (where variables expressed in log deviation from steady state's values are denoted with a hat):
where i 2 f 1; 0; 1g. We hence consider nine di¤erent cases, combining on the one hand backward-looking, current-looking and forward-looking Taylor rules and, on the other hand, no inertia, inertial and superinertial Taylor rules. This allows us to focus on the implications of the source of in ‡ation persistence for the shape and the coe¢ cients of the optimal simple rule.
The Macroeconomic E¤ects of Price Indexation
In this section we look into the details of the e¤ects of indexation on the dynamics of the model.
Persistence in the in ‡ation gap depends directly upon the degree of indexation.
Log-linearizing Eq(32) for the in ‡ation gap (see Appendix) and substituting the steady state values, we can express the in ‡ation gap as a function of its own past values and the expectations component:
where measures complementarity across consumptions goods, is the Calvo parameter, is the level of price indexation and b p t denotes the price level set by optimizing 9 Following SGU, we assume commitment to the rules. Results will be generally di¤erent under discretion. We leave this interesting question to further research.
…rms, which depends solely on expectations about future in ‡ation and output gap.
Eq.(2) shows that indexation, by construction, induce inertial adjustment in the in ‡a-tion level.
By changing the degree of price indexation, we do not only in ‡uence the persistence of the in ‡ation gap, but we also regulate the e¤ects of trend in ‡ation on in ‡ation persistence. Consider the case of no indexation. Under the assumption of monopolistic competition, optimizing …rms look at the price index, and in particular at the dispersion of prices, to set b p t . In particular, since some …rms do not move up with the pace of in ‡ation, optimizing …rms look also at the price dispersion generated by trend in ‡ation:
Many …rms have a low relative price. An increase in trend in ‡ation makes this gap bigger, therefore making the optimizing …rms adjust slower to a change in current and expected conditions. Full indexation counteracts this e¤ect, because it allows also the non price-resetting …rms to adjust with the long-run growth of prices, thus reducing the e¤ect on trend in ‡ation on price dispersion. Partial indexation, instead, increases price dispersion and the e¤ect of thsi mechanism on the persistence of in ‡ation. The higher the degree of indexation, the less trend in ‡ation would impact on the the optimal relative price b p t and on the adjustment of of in ‡ation. 10
Log-linearizing the Eq.(25) and Eq.(32) in the Appendix, and then substituting the term referring to the newly reset price, it yields the following expression for the loglinearized dynamics of price dispersion, i.e., s : 11
Note that the higher the level of ; the lower is persistence in the price dispersion term. If one assumes full indexation, the price dispersion is constant in the log-linearized version of the model ( = 1 =)ŝ t = 0). On the other hand, the autoregressive term given by (1 ) is maximized when = 0: Figure 1 shows that full indexation is indeed a very special assumption, because it nulli…es the e¤ects of price dispersion, while it matters at …rst-order with partial indexation. 12 When prices that are not re-optimized 1 0 See also Ascari and Ropele (2007) for a thourough discussions of the e¤ects of trend in ‡ation on optimal policy in New Keynesian models. 1 1 In (3),^ t is the log-deviation of in ‡ation, is the degree of price indexation, is trend in ‡ation, is the degree of price stickiness and is the elasticity of substitution across goods. 1 2 We shock the model with a 1% increase in aggregate productivity under a standard current looking are fully anchored to in ‡ation, price dispersion become irrelevant in the dynamics of the model. In Figure 2 we show the impulse response of in ‡ation for di¤erent levels of trend in ‡ation, holding indexation constant at 0. The …gure shows that the higher is the level of in ‡ation, the slower in ‡ation returns to its long-run value when the economy is hit by an exogenous shock.
To summarize, the calibration of indexation regulates the e¤ects of persistence in the in ‡ation gap and persistence due to trend in ‡ation. When = 0, the in ‡ation gap is a purely forward-looking variable and persistence in in ‡ation is induced by the e¤ects of trend in ‡ation, through price dispersion. On the other extreme, full indexation cancels out the e¤ects of positive trend in ‡ation due to the price dispersion term and in ‡ation persistence depends on the backward-looking component of the in ‡ation gap.
In what follows we assess the importance of these changes in shaping optimal operational monetary policies.
Optimal Interest Rate Policies and the Sources of In ‡a-tion Persistence
Our aim is to analyze policy rules à la Taylor, such that these policies can be actually operational and implementable for policy makers. Simple rules, as the ones considered here, are very easy to communicate and to be understood by the public, helping the transparency of central bank behavior.
An operational rule should be implementable in the sense that should both deliver a unique rational expectation equilibrium and satisfy the lower bound on the nominal interest rate. 13 As in SGU, we looked for the optimal monetary policy numerically discretizing the support [ 3; 3] in intervals of length 0.0625 for and y in the particular class of rules of the form (1). Moreover, in (1): (i) i can take three di¤erent values, i.e., i 2 f 1; 0; 1g corresponding to forward-looking, current-looking and backward-looking policies respectively; (ii) R 2 f0; 1; 2g, corresponding to no inertial, inertial and super
Taylor Rule with = 1:5, y = R = 0: 1 3 Following SGU, we require the logarithm of the equilibrium nominal interest rate not to be lower than two times the variance of the nominal interest rate, i.e., ln(R ) 2 R t . If the equilibrium nominal interest rate was normally distributed around its target value, then this constraint would ensure a positive nominal interest rate 98 percent of the time.
inertial rules respectively. On top of that, we study 8 levels of indexation. In addition to the two extreme cases of 0 and 1, we study the welfare-maximizing value of the non- We hence performed 677448 simulations, solving the model with the perturbation method developed in Schmitt-Grohé and Uribe (2004b). We rank policies using a measure of welfare based on second order approximation of the model around the nonstochastic steady state. We used both an unconditional and a conditional welfare measure, the latter to take into account of transitional dynamics. We use grid-search method for the results in this section. 15 The method allows us to …nd the global maximum in our parameters'grid.
We organize the presentation of results in this Section as follows. First, we illustrate how indexation changes the optimal rule and the dynamic response of the economy across all the di¤ erent types of rules considered. Second, we analyze in detail how indexation changes the optimal rule and the dynamic response of the economy in the case of one particular rule, i.e., forward-looking no inertia. Third, we will illustrate how the optimal rule changes with indexation within each class of policy rules.
The Optimal Simple Rule
In this section we investigate the e¤ect of indexation on the overall optimal simple monetary policy rule. Table 1 shows the type of policy rule, the optimal values of the coe¢ cients and the corresponding welfare levels, for di¤erent values of the degree of indexation. Table 2 displays the corresponding unconditional moments for some variables of interest: consumption, output, price dispersion and in ‡ation. Table 1 shows that the source of persistence a¤ects the type of optimal operational policy. While the forward looking rule with no inertia is the optimal policy for the highest level of indexation, it turns out that lowering the degree of indexation, thus increasing 1 4 See Ascari and Branzoli (2010) for a discussion of this result. 1 5 Each simulation took 90 seconds (on a standard Pentium IV (R) 3GHz), so it is about 16936.2 computer hours (almost 2 years). This was made possible by optimizing the functioning of MATLAB symbolic toolbox, and clustering 30 computers.
Policy Rule
the role of persistence due to trend in ‡ation via price dispersion, leads the forwardlooking rule to be substituted by the current-looking one. The backward-looking policy is never optimal. When there is no indexation then the forward looking inertial policy is optimal.
Looking at the changes in the coe¢ cients of the optimal policy rule, Table 1 shows that when the persistence is entirely due to the in ‡ation gap ( = 1), the optimal simple rule takes the form of a real interest rate targeting rule, with no degree of inertia. On the contrary, when persistence is entirely due to trend in ‡ation ( = 0), there is a substantial fall in the reaction to the in ‡ation gap, and policy rule become inertial. On the one hand, the unit root in the policy a¤ects expectations of the long-run interest rate and in ‡ation level. On the other hand, an inertial policy lacks ‡exibility and therefore would also entails some welfare costs. This may explain why in this case inertial policy is the best choice. Table 3 For intermediate values, the increase in is only modest, due to the fact that a lower indexation makes the in ‡ation gap less persistent and thus, easier to control by a credible forward-looking rule. Moreover, despite the increase in , the ability of the optimal policy to stabilize price dispersion worsen as indexation decreases. It may surprise that this last inertial policy features a very low ; but an inertial policy means a permanent change in the nominal interest rate in response to in ‡ation. Indeed, it is interesting to note that, for the inertial forward looking optimal policy when = 0; the sum of and R is the same as the value of for the forward looking no inertial optimal policy for the highest level of persistence in the in ‡ation gap.
The Importance of Price Dispersion Table 2 has one clear message: the higher is the persistence due to trend in ‡ation, the lower is the variance of in ‡ation under the optimal policy. First, the column E(s)
reports the expected deviation of s from steady state. This is very low, meaning that the mean value of price dispersion is its steady state value. Second, the unconditional variance, s , do not change very much across di¤erent degrees of indexation and it is very small. This means that the main task of the optimal operational rule is to stabilize the degree of price dispersion around the steady state value. As shown also by SGU, price dispersion is the main ine¢ ciency associated with in ‡ation in New Keynesian models, because it acts like a negative productivity shift in this economy, and thus the optimal policy response calls for its stabilization. A temporary surge in in ‡ation generates an increase in price dispersion, that needs to be stabilized by monetary policy. Moving away from full indexation increases signi…cantly the inertia in price dispersion. Furthermore the lower the degree of indexation, the more current in ‡ation is going to a¤ect current price dispersion. It follows that the lower the degree of indexation, the more important is to stabilize in ‡ation. As a matter of fact under optimal rules the variance of in ‡ation reduces as the degree of indexation decreases. 16 Table 2 also shows that full indexation is a very special case. Indeed, under full indexation the cost of price dispersion is of second order magnitude. 17 Indeed, despite the rather high volatility in in ‡ation, the volatility of price dispersion is in…nitesimal, that is price dispersion is almost always zero. It is interesting to note that, even moving away only slightly from full indexation, i.e. Welfare Table 1 shows two di¤erent welfare measures: steady state welfare and conditional welfare.
The welfare level of the deterministic steady state does not depend on the persistence in the in ‡ation gap, since the latter is constant by construction. Therefore the di¤erent levels of steady state welfare can be thought as a measure of the magnitude of the e¤ects of trend in ‡ation, through price dispersion.
The conditional welfare instead take into account the stochastic steady state of the economy, and therefore the e¤ects of the persistence due to the in ‡ation gap. 21 1 9 In this case the conditional welfare is equal to -156.7254 and s = 4.8039e-016. 2 0 Schmitt-Grohé and Uribe (2007a) already noted that when price indexation is zero, the variance of in ‡ation is also virtually zero. More generally, without indexation, price dispersion is so costly that a minimum amount of price stickiness su¢ ces to make price stability the central goal of optimal policy.
This turns out to be true also in presence of other public …nance e¤ects calling for an increase in in ‡ation volatility (see Schmitt-Grohé and Uribe, 2006 , 2007b , 2008 . 2 1 The conditional measure of welfare assumes a initial state of the economy and takes into consideration the transitional dynamics from that initial condition to the stochastic steady state implied by the policy rule. We will assume that the initial condition is always the deterministic steady state (recall Table 1 shows that the conditional welfare is always lower than the correspondent steady state welfare since the transitional dynamics (from the deterministic to the stochastic steady state) are taken into account. The di¤erence between the two, however, is tiny and basically invariant across indexation levels. The losses across optimal policies are therefore determined by the steady state one, that is by the e¤ects of trend in ‡ation.
The optimal simple rules maintain the conditional welfare very close to the steady state one. For example, given our calibration, the best indexation degree is 0:8788. If instead, the economy features full indexation the steady state welfare loss amounts to 0.0023%, while the loss in terms of conditional welfare amounts to 0.0020%: If instead, the economy features no indexation the steady state welfare loss amounts to 0.14%, and the loss measured in terms of conditional welfare is basically the same. Hence, the e¤ects due to trend in ‡ation are much more important than the those induced by the in ‡ation gap.
This suggests that an optimal simple monetary policy does a good job in stabilizing the cycle around the deterministic steady state, but cannot do much in compensating the …rst order e¤ects deriving from trend in ‡ation. Figure 3 displays the percentage welfare gain of the di¤erent indexation levels with respect to zero indexation. Each bar displays the steady state welfare gain and the overall conditional welfare gain net of the former. 22 The graph shows that an increase in the level of indexation reduces both the steady state losses and the losses associated with the stochastic steady state under the optimal rule, since indexation acts as a partial correcting mechanism for those …rms that can not optimize their price. However, the e¤ects of persistence in the in ‡ation gap on losses due to movements in the exogenous variables are very small. This result holds also for any given level of considered. 23 Therefore, conditional on choosing the optimal policy, persistence in trend in ‡ation matters much more that persistence in the in ‡ation gap.
that the deterministic steady state varies with the degree of indexation). 2 2 That is, de…ne ssw and cw the steady state welfare and the conditional welfare, respectively, associated with a given value of : Then, for all levels of analyzed, the percentage conditional welfare gain is de…ned as: 
The Forward-looking Rule
In this section we concentrate on a particular rule: the forward-looking rule with no inertia (FLNI), i.e., i = 1 and R = 0: We look at this particular rule because it turns out to be representative of all the other cases analyzed. This way we can focus on the e¤ects of di¤erent sources of persistence within a single policy rule, leaving the comparison across rules to the next sections. These results let use describe more in details the mechanisms a¤ecting monetary policy. Figure 4 shows how changes in the sources of in ‡ation persistence can a¤ect the determinacy and implementability regions. The graphs visibly display an increase in both the determinacy and implementability areas with a reduction in the e¤ect of persistence due to trend in ‡ation. Indeed low levels of indexation tend to reduce the parameter space available for policy options. In particular, if trend in ‡ation a¤ects the persistence of the model, i.e. indexation is not full, the Taylor principle ( > 1) does not de…ne a condition for determinacy. Indeed the e¤ect of varying the degree of indexation on the implementability region are qualitatively similar to the e¤ect of changing the trend in ‡a-tion level, as in Ascari and Ropele (2007) . Persistence in trend in ‡ation, thus, increases the likely of sunspots ‡uctuations. Ceteris paribus, in fact, an increase in in ‡ation leads to an increase in price dispersion, which in turn rises the marginal costs, and hence in ‡ation. This mechanism gets stronger the lower is the indexation, and therefore the policy response needs to be tougher to induce determinacy of the rational expectation equilibrium. Table 4 and 5 are equivalent to Table 1 and 2 for the FLNI policy rule. They show the optimal values of the coe¢ cients of the FLNI policy, the corresponding welfare levels and unconditional moments for some variables of interest.
Implementability

Indexation, Optimal Policy and Unconditional Moments
An increase in the e¤ects of persistence due to trend in ‡ation calls for a policy that further reduce the variance of in ‡ation. The optimal policy does it in a straightforward way: by increasing the response to in ‡ation, i.e., ; from 1.125 to 2.6875: If the policy = 2:6875 and y = 0:1875 is implemented in the full indexation case, then = 1:03.
Again in the full indexation case monetary policy could stabilizes in ‡ation through a higher , but it chooses not to do so, because price dispersion is zero. Note, however, that, when = 0; the variance of in ‡ation is even higher than the one in = 0:85;despite the value of that is twofold. This signals that price dispersion inertia induced by trend in ‡ation makes in ‡ation more di¢ cult to control. As said above, this may explain why for su¢ ciently low levels of indexation, the inertial policy rule may be preferred.
Under full indexation, the optimal policy rule resembles a real interest rate targeting rule, while, as indexation decreases, the optimal policy rule shift to a pure in ‡ation targeting rule with a stronger reaction to in ‡ation deviation from target.
Finally, two results already noted above are still present. Firts, optimal policies are not responding to the output gap. Second, as 
Optimal rule across classes of policy rules
In this section we present how indexation a¤ects the optimal operational rule also for each of the other policy class: current looking, backward looking and inertial policies.
Tables 6 to 8 display the results for the optimal operational simple policy rules within each di¤erent class of policies. Given the large number of policies we analyzed, Tables   6 to 8 show the optimal policy rules for just 3 levels of indexation: full indexation (i.e., = 1); no indexation (i.e., = 0) and the optimal steady state indexation level (i.e., = 0:8788) 24 .
The no inertial policy rules exhibit the same features explained above. The main message is that the degree of indexation modi…es the trade-o¤ monetary policy is facing, due to the interaction between trend in ‡ation and in ‡ation persistence. The higher is the e¤ect of trend in ‡ation: (i) the higher is price dispersion and its costs; (ii) the higher price dispersion inertia and its variance; (ii) the less persistent is in ‡ation. Therefore Table 6 con…rm the following facts (i) the variance of price dispersion decreases with indexation, while the one of in ‡ation increases; (ii) the di¤erence in conditional welfare across the various cases is mainly driven by the …rst order steady state e¤ects; (iii) the case = 1 eradicate the e¤ects of price dispersion from the model (iv) the optimal rule is not responding to output; (v) the lower the degree of indexation, the larger .
Points (i)-(iv) hold true also for the inertial and super inertial policies. 25 The inertial and super inertial policies, instead, exhibit quite a di¤erent pattern regarding the parameter : In particular, is surprisingly decreasing with the degree of indexation.
In the case of super inertial policy rules and no indexation it even becomes substantially negative. Since the value of R is di¤erent for inertial and super inertial policy rules, it may not surprise to …nd di¤erent values for and y , but we do not have an intuition of the e¤ects of indexation on in these cases. 26 The no inertial policy rules always perform the best when there are small e¤ects of trend in ‡ation on the persistence of the model, while the inertial ones generally perform the best when indexation is zero. This con…rms our arguments presented in the previous section.
Interpreting US monetary policy
In this Section we compare the above results with the US monetary policy in the postwar era. Our task is to determine whether one of the models better describes the FED's behavior over the last …fty years. To do so, our optimal policies are compared with empirical estimates of the same monetary rule. We use our results for the two benchmark cases of = 0 and = 1 to focus on sources of in ‡ation persistence. Recall that when = 0, the Central Bank has optimizes the movement in the nominal interest rate under the model in which in ‡ation persistence is completely determined by the e¤ects of trend in ‡ation. When = 1, the Central Bank sets the policy using the model in which in ‡ation is persistent because the inertia in the in ‡ation gap (see Section 3). Table 9 shows our optimal Taylor rules in the two reference models with the estimates in Benati (2008), Smets and Wouters (2007) and Boivin and Giannoni (2006) . 27 All these 2 5 There are two exceptions among the superinertial policy rules with full indexation: the current looking and forward looking policy rules, where y is equal to 0.3125 and 0.625, respectively. 2 6 Moreover, while the policy rules in the Tables satisfy the requirements for an operational policy, they are quite close to the boundaries of the determinacy frontiers. In particular, it is clear that a combinations of value for { ; y ; R} as {0,0,1} or {0,0,2} would immediately lead to an explosive path for the nominal interest rate. 2 7 The values for Boivin and Giannoni are taken from Table 2 . The values for Smets and Wouters and papers estimate a current-looking version of the policy rule, thus we report the models' best policies for current-looking rules with the globally optima.
Benati reports empirical estimates for the structural parameter for the whole sample and for the post-Volker period. Smets and Wouters (2005) and Boivin and Giannoni (2006) First, their model is very stilized lacking the typical frictions used in medium-scale models to empirically …t the persistence in the macrodata. Indeed, Boivin and Giannoni
Benati are taken from Table 5 and 12 respectively. Results are reported considering that our parameters and y are given by (1 ) and (1 ) y : The di¤erence is in how our version of the Taylor rule is written. 2 8 A similar increase in the policy parameters, from 0.266 to 0.452, can be found also in Clarida et al.
.
…nd a value of indexation equal to 1 in both samples, a result that is in sharp contrast with all the other papers discussed in this section. Second, as stressed by Mavroeidis (2004) , the identi…cation of forward-looking Taylor rules depends on the stability of in ‡ation forecasts. The more in ‡ation forecasts converge to the actual in ‡ation target, as in the post-1980 period, the less the policy parameters are identi…ed. 29
Robustness
We here check the robustness of our results along four main dimensions: (i) the interrelation between the Calvo parameter and the degree of indexation; (ii) the level of trend in ‡ation; (iii) the type of indexation; (iv) the welfare measure.
In order to do this exercise, we need to perform another large number of new simulations. We therefore employ an optimization algorithm, as in Schmitt-Grohé and Uribe (2006, 2007a,b) . Both methods have advantages and disadvantages. The grid-search will always …nd the global maximum, but it discretizes the parameter space. The optimization algorithm, instead, will always …nd a local maximum, but it does not guarantees global convergence. Therefore, this section will provide an analysis of the di¤erent performance of the two algorithms and hence an indirect check of the robustness of our results over the employed methodology.
The Calvo parameter: Table 10a ,b shows the optimal forward looking no inertia policies for di¤erent values of the degree of both price stickiness and indexation. We take six values of between 0:55 and 0:8, 30 and two values of = 0; 1: The results con…rm that the shape of the parameters in the optimal policy are mainly driven by the persistence in trend in ‡ation. Looking at Table 11a , when there is no persistence in the in ‡ation gap, it is evident that the higher is , that is the higher is the e¤ect of trend in ‡ation on the forward-looking decisions of price-resetting …rms, the more the optimal 2 9 See also Benati (2008) for a discussion of the identi…cation of the parameters of the model. 3 0 This interval is suggestd by Schmitt-Grohè and Uribe (2008) . The most recent evidence on the micro data suggests that prices change on average approximately between 7 (see Klenow and Kryvstov, 2008 ) and 8 to 11 months (see Nakamura and Steinsson, 2008) , implying a value of around 0:5: The estimates of macroeconomic models, instead, are usually higher: CEE estimates to be 0.6, Altig et al. (2005) to be 0.8. The 90-percent posterior probability interval for estimated in Del Negro et al. policy need to be aggressive on in ‡ation.
On the contrary, Table 10b shows that when the e¤ects of trend in ‡ation are o¤set by indexation and only the in ‡ation gap induces persistence in in ‡ation, the e¤ects of varying roughly disappear. Indeed, under full indexation, varying the value of has only marginal e¤ects on the optimal policy parameters and on conditional welfare.
As argued above, full indexation is a very special case: it eradicates the e¤ects of the persistence due to trend in ‡ation, and hence it makes the value of price stickiness basically unimportant for optimal policy and welfare.
Trend in ‡ation: Table 13 shows the optimal policies across the 9 types of policies considered here, when steady state in ‡ation is reduced to 2%, instead of 4.2% as in the main Section of the paper. Results are qualitatively very similar (also in terms of moments, not shown) to the benchmark case. Clearly, the welfare costs associated to trend in ‡ation are smaller, because smaller are the e¤ects of trend in ‡ation on the persistence in the in ‡ation process.
Type of Indexation:
It is also often assumed in the literature an hybrid indexation scheme, where …xed prices are indexed both to past in ‡ation and to trend in ‡ation. Such assumption implies full indexation in the long-run, and, hence, no e¤ect of trend in ‡ation on the persistence of in ‡ation. For us, this case corresponds to the analysis of di¤erent degree of persistence in the in ‡ation gap under no e¤ect of trend in ‡ation. Table 12c shows the optimal policies in this case. Two main points are worth stressing. First, the welfare e¤ects are obviously very small, since there are no long-run e¤ects irrespective of the value of indexation. Second, Table 12c shows once again how assuming persistence only in the in ‡ation gap is a very special case: in ‡ation volatility is roughly 6 times higher with respect to all the other cases considered . The intuition is clear: while full indexation to trend in ‡ation cancels the e¤ects of trend in ‡ation on the persistence of the model, lack of persistence in the in ‡ation gap induces the optimal policy to be inertial and not respond to the in ‡ation gap.
Another common assumption is to assume that the prices that can not be changed are automatically indexed to trend in ‡ation. Table 12a and b show the optimal policies, across all type of policies considered, for …ve di¤erent levels of the degree of indexation from 0 to 1, under the two di¤erent indexation schemes. When there is full indexation to trend in ‡ation the dynamics of the model is similar to the one of a model approximated around a zero in ‡ation steady state, and the result of the optimality of price stability is restored, as already stressed by SGU. Thus in this case, even if there are no long-run e¤ects, the optimal in ‡ation volatility is very low. The latter then decreases even further when the steady state level of price dispersion increases because of partial indexation.
Contrary to the case of backward-looking indexation, the optimal policy changes very little with the degree of indexation. The forward-looking superinertial policy is always optimal, simply because inertial policies are the most e¤ective in stabilizing in ‡ation.
Unconditional Welfare: Table 6 to 8 also display the unconditional welfare levels implied by the policies. The unconditional welfare measure is the most commonly employed in the literature and is the expected value of welfare given the unconditional distribution of the variables, i.e. it is independent of the initial conditions of the state vector. Therefore one can see it as the weighted average of the conditional welfare levels associated with all possible values of the initial state vector, with weights given by their unconditional probabilities. Hence unconditional welfare may imply di¤erent optimal policies from the ones obtained using conditional welfare as the ranking measure. As stressed in SGU, the di¤erent ranking implied by the two measures demonstrates the importance of considering the transitional dynamics and the initial condition and it indicates the fact that the optimal operational rule lacks time consistency.
Therefore, Table 14 presents the optimal policy for each level of indexation using unconditional welfare. 31 The optimal policies are di¤erent from the ones presented in Table 1 , not only quantitatively, but also qualitatively. The current looking no inertial policy is optimal for high level of indexation, while the backward looking no inertia is optimal for low ones. Recall that the backward looking policy was never optimal according to conditional welfare. Besides, all the optimal policies are very close to the upper bound for in our set of values for the grid search (i.e., 2 [ 3; 3]). It is very likely that the optimal policy would have implied an higher level of . Furthermore, the value of y is actually sizably di¤erent zero. As a result, the volatility of in ‡ation implied by these optimal policies is higher than the one implied by the optimal policies under conditional welfare (the same is true for the other variables, not shown).
Finally, since the optimal policies are close to the upper bound of our grid-search 3 1 These results are based on the grid-search method used in the main Section of the paper.
interval, we calculate the optimal unconstrained parameter values for and y using the same optimization algorithm of the previous subsections and for the usual …ve values of between 0 and 1. Table 15 shows that the results are indeed quite di¤erent with respect to the previous Table: (i) the values of and y are extremely high; (ii) the unconditional welfare is the lowest welfare measure across the Tables of the paper; (iii) the forward-looking super inertia policy is always optimal. The implied optimal in ‡ation volatility is, however, very similar across methods. The results in this subsection show, once again, that the type of optimal policies depends very much on the sources of in ‡ation persistence in the model. However, maximizing conditional rather than unconditional welfare deliver very di¤erent insights, in terms both of optimal simple rules and of implied volatilities of the variables.
Conclusions
In this paper we linked the level of indexation to the sources of in ‡ation persistence and we have analyzed how the optimal interest rate rule changes with it.
We used a standard medium-scale New Keynesian model to show that trend in ‡ation and the in ‡ation gap are the main sources of in ‡ation persistence and that their e¤ects are regulated by the level of price indexation. Similarly to Sbordone (2007) , we distinguished among two polar cases. In the …rst scenario, in ‡ation persistence is induced by the e¤ects of trend in ‡ation, while the in ‡ation gap is purely forward-looking. In the second scenario, persistence is entirely due to the e¤ects of the in ‡ation gap. Using numerical simulations, we characterized the e¤ects on optimal monetary policy rules. An increase in the persistence due to trend in ‡ation worsen the in ‡ation-output trade-o¤ and makes the task of stabilizing in ‡ation harder. Moreover, in ‡ation stabilization is not the main objective of monetary policy when the only source of persistence in the in ‡ation gap.
We chose a model that replicates a variety of evidences about business cycles to compare our results with empirical estimates of US monetary policy. The optimal policy from the model in which the in ‡ation persistence is due to trend in ‡ation is remarkably similar to the FED's Taylor rules estimated by di¤erent papers. Given the empirical evidence of the relationship between trend in ‡ation and in ‡ation persistence, our results suggest that models based that take into account trend in ‡ation are more likely to capture the main trade-o¤s used by the FED's to set the nominal interest rate in the past 50 years. Note: variables are expressed in deviation from steady state, except that is in levels and annualized. that deliver determinate rational expectation equilibria, the grey one signals that the equilibrium is not implementable in the sense described in footnote 13, and the black region represents indeterminate rational expectation equilibria. All the values of both y < 1 and < 1 yield indeterminacy and are not shown in the …gure. 
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